Purpose of the study: To (a) describe A Scheduled Shifts Staffing measure (ASSiST) to derive care aide worked hours per resident day (HCA WHRD) at facility and unit levels in nursing homes, (b) report reliability through comparisons to administrative staffing data; (c) report validity by examining associations between HCA WHRD, staff outcomes (job satisfaction, emotional exhaustion), and resident quality indicators (QIs) (e.g. falls, delirium, stage 2+ pressure ulcers), and (d) explore intrafacility variation in staffing intensity levels related to unit-level variation in resident and staff outcomes. Design and Methods: We used data from 40 care units in 12 Canadian nursing homes between 2007 and 2012. Descriptive statistics and tests of association and difference described relationships of two measures of staffing with resident and staff outcomes. Results: Annualized rates of HCA WHRD from both data sources compared well at the facility level (Pearson Product Correlation; R = 0.847, p < .001), and were correlated similarly to staff work life and many QIs. Using ASSiST data, we show that staffing levels can vary by up to 40% at the unit-level within nursing homes. Implications: ASSiST is easy to collect, more timely to retrieve than administrative data, has good criterion and construct validity, and reflects intrafacility variation in health care aide staffing levels.
Introduction
In an era of cost containment with the need to optimize quality care for increasingly frail residents, high-quality comparative nursing home staffing data are of paramount importance. At present, the majority of nursing home staffing evidence is U.S.-based, and collectively this literature demonstrates how staff type, number, and turnover vary across nursing home ownership types (Arling, Kane, Mueller, Berdshadsky, & Degenholtz, 2007; Comondore et al., 2009; Harrington, Woolhandler, Mullan, Carrillo, & Himmelstein, 2002) , and affect nursing home quality care (Castle, 2001; Castle, Engberg, & Men, 2007; Castle, 2008a; Castle & Engberg, 2008b; Harrington et al., 2000; Harrington et al., 2012; Hutt et al., 2008; Hyer et al., 2011; Zimmerman, Gruber-Baldini, Hebel, Sloane, & Magaziner, 2002) , and resident quality of life (Shippee, Henning-Smith, Kane, & Lewis, 2013) . In comparison, Canadian-based literature in this area is relatively sparse, and this smaller body of literature typically investigates staffing volume differences across nursing home ownership types, with mixed results (Berta, Laporte, Zarnett, Valdmanis, & Anderson, 2006; Doupe et al., 2006; McGregor et al., 2005) . The majority of this United States and Canadian-based literature uses staffing data captured using administrative finance/payroll records, professional, or national/federal databases (Berta, Laporte, & Valdmanis, 2005; Estabrooks et al., 2011c; McGregor et al., 2010) , and reports staffing metrics as annualized hours of care provided per resident-day at the facility level.
Through our research, we have validated the care unit within the facility as the optimal target for effective quality improvement initiatives due to existence of unit-level microsystems for sharing knowledge (Estabrooks et al., 2011a; Norton et al., 2014; Estabrooks et al., 2015) . When staffing data are only reported at the facility level, there is no way of determining if staffing is truly higher for specialty/post-acute units or portions of nursing homes, and to what extent staffing for these units is inflating the overall staffing level reported by facilities. We have also found that financial/administrative data are only available in select Canadian provinces, thereby minimizing the potential to compare nursing home staff levels across provinces. In addition, it is costly to retrieve financial/administrative data from nursing homes for research purposes.
Health care aides (HCAs) are the primary care providers for frail and vulnerable older persons, who reside either in long-term facilities or in their own homes with home-based supports (Hewko et al., 2015) . HCAs go by many titles including personal support worker (PSW), and Certified Nursing Assistant (CNA) in the United States. The objectives of this article are to: (a) describe the development of A Scheduled Shifts Staffing measure (ASSiST) to derive HCA worked hours per resident day (WHRD) at the unit level in nursing homes; (b) report the reliability of ASSiST through comparisons to administrative staffing data, and (c) report the validity of ASSiST by examining associations between HCA WHRD and staff outcomes (job satisfaction and emotional exhaustion) and resident quality indicators (QIs) (e.g., falls, delirium, stage 2+ pressure ulcers); and (c) explore intra-facility variation in HCA staffing intensity levels in relation to unit-level variation in staff outcomes, and adjusted resident QIs rates.
Methods

Overview of the Translating Research in Elder Care (TREC) program
TREC is a program of research focused on improving quality and safety of care for residents of nursing homes. TREC has operated in 30 urban nursing homes in the Canadian Prairie Provinces. Study protocols have been published elsewhere (Estabrooks et al., 2009a; Estabrooks, Squires, Cummings, Teare, & Norton, 2009c; Rycroft-Malone et al., 2009) . Primary ethics approvals were obtained from the Health Research Ethics Board, University of Alberta, Edmonton, Canada, and subsequently by the research ethics boards for respective jurisdictions.
Sample of Nursing Homes
The study reported here is a retrospective cohort study using a sample of 12 TREC nursing homes for which staffing data were available from both the TREC Survey (Estabrooks, Squires, Cummings, Birdsell, & Norton, 2009b; Estabrooks et al., 2009c; Estabrooks, Squires, Hayduk, Cummings, & Norton, 2011b; Estabrooks et al., 2011a) and also from administrative health care payroll records.
Data Collection Procedures
ASSiST data were gathered using facility-and unit-level survey data collected from Directors of Care and Unit managers, respectively, on staff schedules, staffing services and programs (Estabrooks et al., 2009c) . Administrative health care payroll data were obtained from health authority administrative payroll files at the facility level. At both facility-and unit-levels, these two sources of staffing data (ASSiST and administrative) were linked to (a) the TREC Survey which captures measures of HCA work life, and (b) InterRAI (MDS 2.0) generated adjusted QIs. All sources of data were gathered during the 2009/10 fiscal year.
Measures
Administrative Staffing Data
The administrative staffing data from the health authority payroll files provide the total number of worked hours for each of the HCAs, licensed practical nurses, and registered nurses in a given fiscal year, and also provide the total person-days of care provided for residents during the same time period.
Scheduled Shifts Staffing Measure (ASSiST)
Based on the limited access to Canadian nursing home staffing data, we developed the ASSiST measure for use at the unit-level. Using a self-administered survey, we asked nursing home managers or Directors of Care to report the number of employees scheduled to staff each care unit; the average number of staff (HCAs, licensed practical nurses, and registered nurses) scheduled to work per shift on typical days of the week (Monday through Friday) and weekends (Saturday and Sunday). See Supplementary Appendix for the ASSiST Measure.
Derivation of WHRD
We developed an algorithm to calculate Worked Hours per Resident Day (WHRD) from the ASSiST data at both the unit and facility level (See Supplementary Appendix for detailed formulas). Using the manager-reported number of staff, we calculated the number of hours worked per unit each year by each category of staff members as follows. In summary, we multiplied the average number of staff of each category (RNs, LPNs, or HCAs) assigned per day by 7.75 h per shift and multiplied the product by 365 days per year. By dividing this number by the statistic "Resident Days per year" (calculated as unit or facility beds (from InterRAI data) × 365 days × % occupancy appropriate to the nursing homes under study, in our context was 99%), we arrived at our ASSiST-derived statistic of Worked Hours per Resident Day (WHRD) for each facility, each unit and each staff category. As HCAs are the majority of care providers in residential care facilities and we had a small sample size with both data sources, we focus on HCAs in this analysis.
Workforce Measures
The Maslach Burnout Inventory, a valid and reliable instrument, was used to measure burnout (Maslach, Jackson, & Leiter, 1996) . Job satisfaction was measured using a single item scored on a five-point Likert agreement scale (Strongly Disagree to Strongly Agree). These data were collected as part of the TREC survey administered to 589 HCAs through computer assisted personal interviews (Squires et al., 2012) . A minimum of 10 interviews were obtained from each care unit to provide stable estimates at the unit level (Squires et al., 2012) .
Quality Indicators (QIs)
QIs endorsed by the Canadian Institutes of Health Information (CIHI) and used in other studies (Hutchinson et al., 2010; Mor et al., 2003a; , were obtained from RAI-MDS 2.0 data collected in electronic form on a quarterly basis as part of routine clinical care in TREC nursing homes. For analysis in this study, we chose 13 QIs (e.g. falls, delirium, stage 2+ pressure ulcers) (Estabrooks et al., 2013a) reported in our previous research describing profiles of Canadian nursing homes (Estabrooks et al., 2013a) . Using standard CIHI methodology (Canadian Institute for Health Information, 2013), all QIs were risk adjusted at the facility-level for reliability analyses (Table 2 ) and at the unit-level for validity analyses (Table 3) , prior to being correlated with staffing data.
Analysis
Descriptive statistics and tests of association and difference were used to describe the relationships between the measures of staffing and contextual and work-related characteristics (e.g., job satisfaction) and resident QIs including pain, behavioral symptoms, and mood. We began our analyses at the facility level for the first two objectives, followed by unit level analyses for the third objective. First, as a test of reliability, at the facility-level ASSiST data were compared to data provided through administrative records. For our purpose, these latter staff measures were considered as the gold standard as they are collected from payroll files. Staffing levels from these two data sources were first compared descriptively across all sites combined, followed by correlation analysis to assess their level of agreement with the facilitylevel staffing data derived from payroll. Second, as a test of validity, we measured the association between ASSiST data and adjusted QI rates, and select measures of HCA work life. We hypothesized that the staffing intensity measure would be associated in a similar magnitude and direction with our adjusted QIs and HCA work life measures. Given our small nursing home sample (n = 12), we did not anticipate these correlations would reach statistical significance. Finally, we used ASSiST data at the care unit level within select nursing homes, to explore both the degree of intrafacility variation in HCA staff levels, and the relation this has to (intrafacility) variation in HCA work life measures and QI rates. All analyses were conducted using SPSS version 21.
Results
Analyses were conducted on a subset of 12 nursing homes that participated in the TREC program of research from 2007 to 2012, and for whom both ASSiST and administrative staffing data were available (Table 1) . Across the Alberta and Manitoba regions combined, these facilities were diverse in terms of their number of units, facility size, and owner-operator status. Across all facilities, HCA staff levels were comparable between our two data sources, providing on average 2.23 h of care worked per resident-day using ASSiST (standard deviation; SD = 0.18 h; ranging from a low of 1.92 h to a high of 2.61 h), and 2.11 h of care worked per resident-day using administrative records (SD = 0.16; ranging from a low of 1.87 h to a high of 2.49 h). In both sources of data, staffing levels were somewhat higher in Alberta than in Manitoba nursing homes.
At the facility-level, staff levels from our two sources of data are highly comparable (Figure 1) , and for 3 of the 12 nursing homes (AB-1, AB-4, MB-1) these different sources of staffing data provide virtually identical results. While ASSiST provides slightly higher staff values for the remaining nursing homes, facility-level staffing values from these two data sources are highly and significantly correlated (Pearson Product Correlation; R = 0.847; p < .001), sharing 71.7% of this variation.
We examined the association of both HCA staffing intensity measures with two measures of HCA work life (emotional exhaustion and job satisfaction) and 13 QIs (QIs; adjusted for measures of resident sickness across facilities) (Estabrooks, Knopp-Sihota, & Norton, 2013b) (Table 2 ). Both sources of staffing data were correlated in the expected direction with measures of HCA work life (i.e., higher staff levels are associated with lower levels of exhaustion and cynicism, and higher levels of efficacy and job satisfaction). Higher HCA staffing levels were inversely related to lower rates of five QIs (stage 2+ pressure ulcers, indwelling catheter, late-loss ADLs, antipsychotic drug use without psychosis, physical restraint use). The association between HCA staff levels and other QIs (e.g., proportion of residents with feeding tubes, those who fell in the last 30 days) did not go in the expected direction. However, this was equally so for both sources of staffing data.
Finally, we found that HCA staff levels varied significantly at the unit level, ranging from 13.6% in Facility "B" listed in Table 3 (i.e., from a high of 2.51 WRHD in unit 3 to a low of 2.21 WRHD in unit 1; [2.51 − 2.21)/2.21 × 100 = 13.6%]), to 39.8% in Facility "C". As further depicted in Table 3 , correlation coefficients demonstrate strong associations in the expected direction between unit level variation in staff levels and more favorable scores on HCA work life measures (e.g., job satisfaction) and adjusted QI metrics. For example, in all four nursing homes presented in Table 3 , units with higher HCA staffing levels had on average fewer residents with delirium; similarly in facilities A, C, and D units with higher staff levels had on average lower rates of stage 2+ pressure ulcers.
Discussion
This study describes the development of ASSiST (a Scheduled Shifts Staffing measure) that reflects HCA worked hours per resident day (WHRD). The unique strength of ASSiST is that the data are derived in a relatively simple and inexpensive manner using survey data collected from directors of care or care managers in nursing homes. Payroll derived data on WHRD are often cost prohibitive to collect in a research context and are often only available at the facility level.
ASSiST staffing data can be readily generated at the care unit level, an important consideration for those undertaking practice change and quality improvement work. Recent work on microsystems (Agency for Health Care Research and Quality, 2010a; Agency for Health Care Research and Quality, 2010b; Baker et al., 2012; Berger, 2015; Williams, Dickinson, Robinson, & Allen, 2009 ) supported by a growing body of evidence suggests that the care unit level is where contextual variables operate and quality improvement action takes place. Other evidence is emerging, in part from our larger body of work in TREC, that resident quality outcomes can be measured at the care unit level (Norton et al., 2014) . Our results (Table 3) affirm that significant variability exists in staffing levels at the unit level-ASSiST data are sensitive to unit-level variation in HCA staffing levels. Specialized care units, e.g. dementia care units and post-acute (subacute care) units, may require higher staffing than other units, thereby inflating facility-level measures. Unrealistic facility level measures may overlook the variation in care needs per unit; the validation of the care unit ASSiST data measures provides policy-makers with the appropriate target for effective quality improvement initiatives.
Our findings have implications for Continuing Care policy and management. We believe that unit level staffing data and unit specialization (such as dementia care) should be reported at national levels (such as the Canadian Institute of Health Information) in Canada. This would facilitate accountability to the taxpaying population for care provision, evaluation of transparency of staffing information, achievement of appropriate staffing levels, and support ongoing research into quality improvement initiatives implemented at the unit level.
Our results support the reliability of ASSiST-comparisons between staffing levels derived using ASSiST and administrative staffing data revealed high levels of agreement between these two approaches. The modest discrepancy between ASSiST and payroll data is possibly due to the difference between scheduled staff (measured through ASSiST and actual staff measured via payroll-known as working short or short-staffed (Crogan, Shultz, Adams, & Massey, 2001) . The agreement between these two sources of data is an important result given that, in many respects, administrative staff data can be considered the gold standard as they are collected from payroll data. Notably, administrative-derived WRHD tend to be averaged over an entire fiscal year and are collated and published only at the facility level. ASSiST data, on the other hand, offers the advantage of yielding care unit-level data and can be gathered for very specific time intervals as needed to meet the needs of various study contexts. A measure of HCA staffing at the care unit level is a step in the right direction.
Validity of ASSiST is evident from associations between ASSiST derived HCA WHRD and staff outcomes, and select resident QIs. In particular, validity of ASSiST is supported by associations between ASSiST and measures of HCA work life-our results showed that higher staff levels measured using ASSiST were associated with lower levels of exhaustion and cynicism, and higher levels of efficacy and job satisfaction. Although our sample size is small, all of these associations between higher HCA staffing levels and improved resident QIs and staff outcomes were similar using both ASSiST and administrative data derived measures of HCA WHRD thereby lending support to the validity of the ASSiST staffing measure.
Finally, our results show that ASSiST-derived HCA WHRD are associated with five resident QIs likely to be influenced by staffing levels (stage 2+ pressure ulcers, indwelling catheter, late-loss ADLs, antipsychotic drug use without a diagnosis of psychosis, physical restraint use). ASSiST was not significantly associated with other resident QIs (proportion of residents with feeding tubes, and falls in the last 30 days). Variance in HCA staffing levels may reflect variance in total staffing (RNs, LPNs, and HCAs) levels. Thereby these associations may arise from the combined contribution of RNs, LPNs, and HCAs caring for residents on that unit. Further research using registered nurse, licensed practical nurse, health care aide and total staffing levels by unit is needed to investigate these relationships. Additionally, future research should include larger sample sizes and consider unit level characteristics that might warrant higher differential staffing levels (e.g., Dementia Care Unit, Post-Acute/Sub-Acute Care Unit).
Most of the literature examining the relationship between staff levels and resident QIs has been conducted using United States data; the present study is one of the first to examine this relationship in Canadian nursing homes. It is also one of the first studies to suggest that staff levels not only impact nursing home resident quality of care, but also impact HCAs' quality of work life.
This study has several limitations worth noting. First, our study is limited by a small sample size (40 care units in 12 nursing homes). Second, is the potential response recall bias by directors of care in the staff survey used to derive ASSiST. Indeed, this is one of the principal reasons administrative data are preferred to self-report data; however, the high degree of concordance between ASSiST and administrative derived WRHD suggest that self-report or recall bias does not have a marked impact on the quality of ASSiST data. Third, while we recognize that MDS 3.0 has been in use in the United States for some years, we used MDS 2.0 for the QI validation as this is the primary data set available to us in Canada. However, for validation purposes, this would have no impact on one approach to staffing over the other, and further research using MDS 3.0 data with the ASSiST measure is warranted. Finally, linking ASSiST data at the unit level with individual-level health care provider TREC Survey data (for staff outcomes) and resident-level (InterRAI) data (for resident QIs) as we have done in this study is not always possible and is likely to diminish the magnitude of the associations we examined between HCA staffing levels and staff and resident outcomes. At the same time, the fact that TREC infrastructure is robust and capable of supporting such data linkages is a strength of this work. In addition, the data presented in this study are not subject to the kind of mono-methods bias that leads to inflated relationships.
Conclusion
Using the ASSiST tool to obtain staffing data produces sufficiently similar staffing rates to administrative datasets based on Human Resource payroll data. Further, it is timely, easy to collect, and is available at the care unit level, as well as, the facility level. Further research is warranted to validate the ASSiST measure at the care unit level in other health care settings and professions and to further validate it in nursing homes with larger sample sizes.
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